Using the results of Monte Carlo simulations of cesium, we demonstrate that the simple point local density approximation is inaccurate in predicting the behavior of the transverse pair correlation function in the liquid-vapor interface of a simple metal. Our calculations demonstrate that a local density approximation, such as the one proposed by Fischer and Methfessel, which uses the point density averaged over a region the size of the ion, more accurately describes the behavior of the transverse pair correlation function.
It is frequently assumed that the properties of an inhomogeneous liquid can be calculated using a local density approximation. I • 2 The application of this intuitive assumption is often dictated by the need for a computationally convenient scheme for dealing with the rapid variations in density encountered in systems such as the liquid-vapor interface. There are, of course, many different local density approximations, all having in common the usage of the properties of a homogeneous fluid at some "local density" to approximate the corresponding properties of an inhomogeneous system.
Consider the calculation of the singlet density distribution, P (f I) ' of an inhomogeneous fluid. The first equation of the Yvon-Born-Green infinite hierarchy of integro-differential equations relates the spatial variation of p(fl) to an integral, over f2' of the product of the pair correlation function g(f l , f 2 ), p(f 2 ), and the force between a pair of molecules at fl and f 2 . The determination of p(fl) requires a computationally feasible closure of this hierarchy ofintegral equations, the most popular being a local density approximation which is the replacement of the true pair correlation function of the inhomogeneous system with g( If I -f21; p)-the pair correlation function for a homogeneous system whose density p is that of the midpoint between the two molecules or the average of the densities at the locations of the two molecules. 3 • 4 Unfortunately, it is not clear how accurate such local density approximations are, and the formal theory of the inhomogeneous fluid gives little help with respect to this issue.
In fact, computer simulations of the pair correlation function of a hard sphere fluid near a rigid smooth wall show that the local density approximation fails in the inhomogeneous region adjacent to the wall. 5 The sense of this failure is that in a stratum parallel to the wall where the local density is much higher than the bulk density, the in stratum pair correlation function resembles that of the bulk liquid more than that of a liquid whose density is that.of the stratum. These calculations did not attempt to identify the density of the homogeneous hard sphere system whose pair correlation function is most similar to that of a particular stratum near the wall.
This brief paper reports the results of an extensive study of the pair correlation function as a function of position in the inhomogeneous liquid-vapor interface of a model of a simple metal, Cs. Using this system as a vehicle, we examine the validity of the assumption that the pair correlation function is accurately represented by that of a homogeneous liquid with a density equal to the point local density in the inhomogeneous liquid. Our data are sufficient to compare this approximation with a modification of the local density approximation suggested by Fischer. 6 We find that, except for the nearest neighbor peak of the pair correlation function, Fischer's approximation is a significant improvement over the naive local density approximation previously mentioned.
We have carried out Monte Carlo simulations of bulk liquid Cs at a number of different densities and of the liquidvapor interface ofCs, all at 373 K; the details ofthe secondorder pseudopotential representation of the system Hamiltonian and of the self-constant algorithm used in the calculations can be found elsewhere. 7 ,8 The results of these simulations provide the data from which we calculate the density variation along the normal through the liquid-vapor transition zone (the longitudinal density distribution), the pair correlation function in strata perpendicular to the normal (the transverse pair correlation function), and the bulk pair correlation function as a function of density.
For the system considered, as well as for several other liquid metals, the transition zone between liquid and vapor is predicted to be stratified for about three atomic diameters into the bulk liquid. 7 ,9,l0 We show, in Fig. 1 , the longitudinal density distribution as a function of position in the liquidvapor interface of Cs. That this prediction is realistic is confirmed by the studies of x-ray reflection from liquid Hg, by Bosio and Oumezine,l1,12 and from liquid Cs, by Sluis and Rice. 13 We show, in Fig. 2 , the transverse pair correlation functions for strata centered at the positions indicated by entries in Table I . Although each of the strata designated in Fig. 1 has a different local density, the associated pair correlation functions are very similar. Most striking is the outward shift of the second and third peaks of the pair correlation function taken from the high density strata, a pattern opposite to that predicted by a simple local density approximation. This observation can be made more precise by the following comparison. Consider the transverse pair correlation functions calculated for very thin strata (in our calculations each stratum was 1.8 a.u. thick) at many points along the normal to the surface. For each stratum we define the "nominal density" as the density of the homogeneous system whose pair correlation function best fits the transverse pair correlation function of the stratum, according to the least squares criterion. This nominal density is plotted (crosses), as a function of position along the normal to the surface, in Fig. 1 . Clearly, this nominal density profile indicates that the behavior of the transverse pair correlation function in the inhomogeneous region differs considerably from the prediction of the simple point local density approximation suggested by intuition. Consult Table II for details. Slice A is from the bulk (solid line), B from the second peak (dashed line), and C from the first (outermost) peak (dotted line). • Positions are fixed relative to the center-of-mass and the pair correlation function slices of positive and negative halves of slab are averaged together. b Computed by averaging pair correlation functions from six slices 3.90 a.u.
wide.
Fischer has suggested an interesting alternative to the naive local density approximation. 6 In particular, he introduced the assumption that the pair correlation function of an inhomogeneous fluid of hard spheres can be approximated by the pair correlation function of a homogeneous hard sphere fluid at a nominal density defined by averaging the point density over a sphere with a diameter equal to the hard sphere diameter and centered at the point of contact of the particles. Davis has shown that Fischer's approximation leads to the exact equation for a singlet density distribution of the hard rod liquid in an external field. 14 It is generally agreed that the repulsive interactions between particles dominate the local geometry of packing in a liquid and that the packing of hard spheres is very much like that of particles with realistic repulsive interactions. Thus, with a reasonable choice of the effective hard sphere diameter (e.g., the inner zero of the interatomic potential), we can test the applicability of the Fischer approximation to the liquid-vapor interface of a metal. (In our simulations the density dependence ofthe pair potential is neglected for electron densities> 0.001 23 a.u. Except in the region where the electron density falls rapidly, which starts in the middle of the outermost peak, the change in the effective pair potential is small. Hence, in this discussion our neglect of the variation of the pair potential in the interface is reasonable, except perhaps for the two outermost strata.) At each point of the Cs longitudinal density profile obtained from our simulations, we determine the nominal density suggested by the Fischer approximation with the above cited choice for the effective hard sphere diameter. The results of this calculation are shown in Fig. 1 . Clearly, the nominal densities calculated by the Fischer approximation and by the least squares fitting of the transverse pair correlation function are very similar.
Although the Fischer approximation seems to accurately account for the overall density dependence of the pair correlation function, we have observed that the nearest neighbor peak of the transverse pair correlation function taken from a high density stratum is slightly higher than that taken from the center of the slab. That this difference is sig-nificant has been demonstrated by a statistical test on the data, as well as a similar observation for simulations of the liquid-vapor interface of Cs using other models.s,ls The transverse pair correlation functions obtained in the simulations of Snook and Henderson s also follow a similar pattern. Perhaps this is due to the smaller volume available for the motion of the particles within the high density stratum. The outward shift of the second and third peaks of the pair correlation function from the high density stratum suggests that for two particles not in contact with each other, the potential of mean force between them is influenced by excluded volume effects whose range is about the hard sphere radius of the particles, as predicted from the Fischer approximation.
